In the 1996-1997 cholera epidemic in Guinea-Bissau, surveillance for antimicrobial resistance showed the emergence of a multidrug-resistant strain of Vibrio cholerae O1 during the course of the epidemic. The strain was resistant to ampicillin, erythromycin, tetracycline, furazolidone, aminoglycosides, trimethoprim, and sulfamethoxazole. Concomitant with the emergence of this strain, we observed a resurgence in the number of registered cholera cases as well as an increase in the case fatality rate from 1.0% before the emergence of the multiple-drug-resistant strain to 5.3% after the emergence of the strain. Our study shows that the strain contained a 150-kb conjugative multiple-antibiotic resistance plasmid with class 1 integron-borne gene cassettes encoding resistance to trimethoprim (dhfrXII) and aminoglycosides [ant (3؆)-1a] ). The finding of transferable resistance to almost all of the antibiotics commonly used to treat cholera is of great public health concern. Studies should be carried out to determine to what extent the strain or its resistance genes have been spread to other areas where cholera is endemic.
Following its arrival on the African continent in 1970, the seventh cholera pandemic, caused by Vibrio cholerae O1 biotype El Tor, spread throughout West Africa with devastating consequences (35) . However, Guinea-Bissau, situated along the West African coast north of Guinea, first reported outbreaks in 1987 (42), which were followed by an epidemic in 1994 that extended into early 1995 (8) . We previously determined by phenotypic and genotypic analyses how the epidemics in 1987 and 1994-1995 were caused by different O1 strains, with the 1994-1995 epidemic strain likely to have been introduced by fishermen or travelers from Guinea (8) .
The most recent epidemic in Guinea-Bissau began in October 1996, extended throughout 1997, and included a total of 26,967 reported cases. The epidemic curve showed a bimodal pattern, with the first peak occurring in November 1996 and another peak extending over the summer of 1997 (Fig. 1) . During the epidemic, monitoring of antimicrobial resistance was carried out by the National Public Health Laboratory in Bissau, Guinea-Bissau. This surveillance showed the emergence of a multidrug-resistant strain during 1997, concomitant with the second peak of the epidemic. At the same time, an increase in the case fatality rate was observed.
Reports of toxigenic V. cholerae strains resistant to the antibiotics commonly used for treatment are appearing with increasing frequency, although the genetic mechanisms for the resistance are often not determined (2, 9, 13) . Of particular interest and concern are the acquisition and transfer of resistance genes through mobile genetic elements, as such elements may spread among bacteria of different genera. Horizontal transferable plasmid-encoded resistance has been found on several occasions in V. cholerae O1 (4, 12, 13) . Recently, Waldor et al. (41) showed that resistance genes among V. cholerae O1 and O139 strains in India were carried on a 62-kb selftransmissible, chromosomally integrating genetic element with properties similar to those of a conjugative transposon. A relatively new group of gene expression elements named integrons has been described as vehicles for the acquisition of antibiotic resistance genes (reviews have been provided by Hall and Stokes [16] , Recchia and Hall [32] , and Sundström [34] ) (15, 33) . So far three classes of integrons have been identified, and class 1 integrons have been found to be prevalent among clinical isolates. Class 1 elements were originally defined to be composed of two conserved segments, the 5Ј conserved segment (5Ј-CS) and the 3Ј conserved segment (3Ј-CS), and an internal variable region which contains gene cassettes encoding antibiotic resistance determinants (15, 33) . The 5Ј-CS segment contains the intI1 gene, which encodes the type 1 integrase and which is responsible for site-specific insertion and excision of gene cassettes (3) . Furthermore, the 5Ј-CS segment harbors the attI1 site, which is responsible for recombination. The 3Ј-CS segment contains the qacE⌬1 and sul1 genes, which encode resistance to quaternary ammonium compounds and sulfonamides, respectively. It should be noted that class 1 integrons may not always contain the entire 3Ј-CS segment (32, 34) .
The objective of the present study was to determine the genetic mechanisms of antibiotic resistance and the genotypes of V. cholerae O1 strains isolated during the cholera outbreak in Guinea-Bissau in 1996-1997.
MATERIALS AND METHODS

Surveillance of the cholera epidemic and characterization of bacterial strains.
Information about the number of cholera cases and the number of deaths was collected and reported to the Ministry of Health in Bissau for the period from October 1996 to February 1998. Ten V. cholerae O1, biotype El Tor, serotype Ogawa strains recovered during the cholera outbreak in Guinea-Bissau in 1996-1997 were examined. Four and three O1 strains isolated during cholera outbreaks in 1987 (8) and 1994, respectively, were included for comparison purposes (V. cholerae O1 strains from the 1994 outbreak were kindly provided by Joy G. Wells and Fred Angulo, Centers for Disease Control and Prevention, Atlanta, Ga.) (Table 1) . Each stool specimen was enriched in alkaline peptone-water (pH 8.6) for 6 h, after which a loopful of the surface pellicle was streaked onto thiosulfate-citrate-bile salt-sucrose agar (Difco, Detroit, Mich.). Suspected V. cholerae isolates were tested by agglutination tests with polyvalent O1-specific and monospecific Ogawa and Inaba antisera (Difco). V. cholerae isolates and appropriate controls were tested for DNA sequences encoding cholera toxin (CT) in hybridization studies with an alkaline phosphatase-labeled 23-base oligonucleotide probe (44) .
Antibiotic susceptibility testing and transfer of resistance. Each isolate was tested for susceptibility to 14 antibacterial agents representing different antimicrobial classes by the disk diffusion method with Mueller-Hinton agar (Difco) as described by the National Committee for Clinical Laboratory Standards (28) . A nalidixic acid-resistant mutant strain of Escherichia coli K-12, strain J53-1 (lac ϩ pro met Nal r ) (37) , and a streptomycin-and rifampin-resistant mutant strain of V. cholerae O1, strain 1407, isolated during the epidemic in Guinea-Bissau in 1987 (8) were used as recipients in conjugation experiments. Following mating on nonselective L agar (Difco) incubated at 37°C for 4 to 6 h of growth, exconjugants were harvested and appropriate dilutions were streaked onto plates of Fluorocult E. coli O157:H7 agar (Merck, Virum, Denmark) supplemented with 50 g of nalidixic acid per ml and adequate concentrations of selected drugs. Phenotypic appearance was used to differentiate possible spontaneous nalidixic acid-resistant donors from the exconjugants.
Plasmid analysis. Plasmid extraction was carried out by the method of Kado and Liu (22) , modified by incubating the cells at elevated pH (12.54) for 30 min at 56°C during the lysis step. V. cholerae O1 strain 1075/25 carrying a 150-kb plasmid was used as a positive control (36) . The enzyme EcoRI was used in restriction fragment length polymorphism (RFLP) analysis. Electrophoresis and visualization of plasmids were carried out essentially as described previously (29) .
Ribotyping and CT genotyping. The genotype of V. cholerae O1 was established by ribotyping with the restriction enzyme BglI to digest chromosomal DNA (31) . Ribotyping was performed by the procedure described by Dalsgaard et al. (5) with digoxigenin-labeled 16S and 23S rRNA probes. RFLP analysis of DNA sequences encoding CT genes (CT genotyping) was performed by hybridization of nylon membranes with BglI-digested DNA with a digoxigenin-labeled oligonucleotide CT probe (44) . A 1-kb DNA molecular size standard (GIBCO BRL, Gaithersburg, Md.) was used as a size marker in ribotyping and CT genotyping.
PCR amplification and sequencing of class 1 integrons. First, we selected a specific class 1 integron primer set, qacE⌬1 and sul1, directed at the 3Ј-CS conserved segment of class 1 integrons (30, 32) . As few class 1 integrons are known to not contain the qacE⌬1 and sul1 genes, these would not be detected with the selected primers. Figure 2 demonstrates the general structure of class 1 integrons together with the amplicons sequenced and gene cassettes found. PCR was carried out as described by Dalsgaard et al. (7) . DNAs from strains yielding a PCR product with the class 1 primers were subsequently amplified with the integron primers in-F and in-B (F is forward and B is backward) which amplify the region between the 5Ј-CS and 3Ј-CS conserved segments, generating products of variable sizes depending on the numbers and lengths of the inserted gene cassettes ( Fig. 1 and Table 1 ). The in-B primer anneals at the 3Ј-CS conserved segment. Primers in-F and ant(3Љ)-Ia-B (addA-B) were used to assess if the integron contained a gene cassette encoding resistance to streptomycin and spectinomycin ( Fig. 2) (25) . Appropriate control strains and molecular size markers were included, as described previously (7). Amplified DNA was purified before sequencing by using Microspin S-400HR columns purchased from Pharmacia Biotech (Hillerød, Denmark), and the nucleotide sequence was determined by cycle sequencing with the AmplitaqFS dye terminator kit and a Pharmacia Biotech ALF automated DNA sequencing apparatus. The identities of the sequences determined were analyzed by comparison of the sequences with the gene sequences in databases by using the BLAST software (1).
Statistical methods. To adjust for regional differences in mortality, we used multivariate logistic regression analysis to compare the case fatality rates in the first and the second parts of the epidemic.
RESULTS
Epidemic surveillance data. The epidemic in Guinea-Bissau, which started on October 6, 1996, and which ended on January 12, 1998, included a total of 26,967 reported cases (national attack rate, 24 cases per 1,000 inhabitants). The epidemic curve VOL. 38, 2000 MULTIPLE-ANTIBIOTIC-RESISTANT VIBRIO CHOLERAE 3775 had a bimodal pattern (Fig. 1) . During the period from October 1996 through March 1997, 10,386 of 10,574 cases (98%) were from the capital, Bissau, and the surrounding region, Biombo. During the period from April 1997 through January 1998, 11,020 (67%) of 16,393 cases were from the capital area and Biombo. Throughout the epidemic, the attack rate was highest in the capital area (68 cases per 1,000), but after April 1997, the epidemic spread to the interior regions of Cacheu, Oio, Bafatá, Quinara, and Tombali. Also, the archipelago of Bijagos was affected. The case fatality rate increased from 1.0% (102 deaths per 10,574 cases) during the period from October 1996 through March 1997 to 5.3% (860 deaths per 16,393 cases) during the rest of the epidemic. There was a significantly higher rate of mortality among the case patients from the interior regions of Guinea-Bissau (P Ͻ 0.0001). Furthermore, the multivariate FIG. 2. Integron structure and resistance gene cassettes found in V. cholerae O1. The PCR primers used and the amplicons obtained are shown below the integron structure, with the bold line representing the amplicon sequenced. att1 is a site which is responsible for recombination, and qacE⌬1 and sul1 encode resistance to disinfectants and sulphonamides, respectively. The individual gene cassettes are shown together with their recombination sites (59-bp element). analysis showed that, independent of geography, there was an increase in the case fatality rate in the second epidemic period (adjusted odds ratio, 1.8; 95% confidence interval, 1.4 to 2.3; P Ͻ 0.0001). Among hospitalized case patients from Bissau, the case fatality rate increased from 3.2% (69 per 2,178) in the first period to 5.8% (155 per 2,680) in the second period (risk ratio, 1.9; P Ͻ 0.001). Antibiotic susceptibility testing and plasmid analysis. Table  1 shows the characteristics of the V. cholerae O1 strains isolated in Guinea-Bissau during the cholera outbreaks in 1987, 1994, and 1996-1997. Each of the strains hybridized with the CT probe. Seven strains, including all six strains recovered in 1997, isolated at different locations and different times during the epidemic in 1996-1997 had identical antibiograms that showed multiple-drug resistance, including resistance to furazolidone, sulphonamides, trimethoprim, and tetracycline (Table 1). In addition, each of these strains contained a 150-kb plasmid which was found to be identical in each case by RFLP analysis (profile D) with the restriction enzyme EcoRI (Fig. 3 and Table 1 ). Interestingly, three strains isolated when the epidemic began in December 1996 showed different resistance patterns, and one of these strains contained a 150-kb plasmid that showed a different RFLP profile (profile A). Strains isolated in 1987 were resistant to colistin only, did not contain plasmids, and showed a unique ribotype and CT genotype (8) (ribotypes are shown in Fig. 4) .
Ribotyping and CT genotyping. Ribotyping showed that the 1996-1997 outbreak strains all belonged to the same type, type II, which was also shown for strains isolated in 1994 but which was clearly different from type Ia, as demonstrated with strains isolated in 1987 (Fig. 4) . These findings were supported by CT genotyping, in which all strains from 1994 and 1996-1997 showed two fragments of 10.0 and 12.8 kb, whereas strains from 1987 demonstrated two fragments of 6.8 and 11.2 kb (Table 1) .
Resistance transfer: PCR amplification and sequencing of class 1 integrons. As transferable plasmid-encoded multipledrug resistance has been reported for V. cholerae O1, strain C230 was selected as a representative strain for transfer experiments into E. coli K-12. One type of transconjugant that showed susceptibility patterns identical to that of the donor strain was found, except that the transconjugants were sensitive to colistin and furazolidone. Antibiotic susceptibility testing and plasmid analysis of the transconjugants, including RFLP analysis, revealed that the 150-kb plasmid was transferred and that the antibiotic resistance, except for resistance to colistin and furazolidone, was plasmid encoded. The 150-kb plasmid was subsequently transferred from the transconjugants back to strain 1407 and was further directly transferred from strain C230 to strain 1407. Again, the transfer of resistance was found as described above, with apparent higher frequencies in the direct transfer from V. cholerae strain C230 into strain 1407 than in transfer studies with E. coli K-12 (transfer frequencies were not calculated but were evaluated only by visual inspection of the agar plates on which mating occurred).
As the vast majority of strains containing class 1 integrons were resistant to sulphonamides, we investigated if the sulphonamide resistance was associated with the presence of class 1 integrons (30, 32) . An approximately 800-bp 3Ј-CS PCR product was obtained from strain 9868 isolated in December 1996 and each of the six O1 strains isolated in 1997 with the primers qacE⌬1-F and sulI1-B (Fig. 2) . None of the remaining strains yielded an amplicon with these primers and therefore did not seem to contain class 1 integrons ( Table 1 ). The use of the in-F and in-B primers yielded a PCR product of 1,800 bp. DNA sequencing analysis of strain 9868 revealed that the 1,800-bp amplicon contained the dhfrXII (dfrA12) gene cassette encoding resistance to trimethoprim, an open reading frame, orfF, with an unknown function, and the gene cassette ant(3Љ)-1a (aadA2), which confers resistance to streptomycin and spectinomycin (Fig. 2) . The sequences of the dhfrXII gene cassette and orfF have been published in GenBank under accession number Z21672 (18) , while the sequence for ant(3Љ)-1a has the accession number D43625 (25) . The sequences of the three cassettes were identical to those that have been published previously. PCR with in-F and ant(3Љ)-Ia-B primers also yielded an approximately 1,800-bp amplicon and therefore confirmed the presence and location of the aminoglycoside resistance gene cassette ant(3Љ)-Ia (Fig. 2) (25) . Furthermore, PCR of the cell lysates of the transconjugants E. coli K-12 and V. cholerae O1 strain 1407 with qacE⌬1-F and sul1-B and with in-F and in-B primers yielded 800-and 1,800-bp amplicons, respectively, showing that the class 1 integron and gene cassettes are located and transferred on the 150-kb plasmid.
DISCUSSION
The 1996-1997 cholera epidemic in Guinea-Bissau, which involved a reported 26,967 cases, was caused by a V. cholerae O1 that had a genotype identical to that of the 1994-1995 epidemic strain (8) but that contained a 150-kb conjugative multiple-antibiotic resistance plasmid with class 1 integronborne gene cassettes encoding resistance to trimethoprim (dhfrXII) and aminoglycosides [ant (3Љ)-1a] .
Studies indicate that class 1 integrons may be widespread in multiple-drug-resistant clinical isolates of bacterial enteropathogens (17, 21, 24) . However, few studies have investigated their presence and importance in V. cholerae. Dalsgaard et al. (7) reported that V. cholerae O1 strains isolated in Vietnam after 1990 were resistant to sulphonamides and streptomycin and harbored chromosomally located class 1 integrons containing the aminoglycoside gene cassette ant(3Љ)-1a. Furthermore, an extensive study of the distribution and content of class 1 integrons in different V. cholerae O serotypes strains isolated in Thailand revealed that O1 and non-O1 serotype strains mainly of clinical origin but not O139 serotypes contained antibiotic resistance genes located on class 1 integrons (6). Finally, class 1 integrons containing the aadA1 gene cassette, which encodes resistance to spectinomycin, were described among strains from a minor cholera outbreak in Albania and Italy in 1994 (10) .
The 1996-1997 cholera epidemic was associated with a high case fatality rate, in particular during the second epidemic period. Cholera patients were managed according to standard guidelines, with emphasis on rehydration therapy. Antimicrobial treatment was, in principle, reserved for the patients with severe cases, but in practice, the therapeutic and prophylactic use of tetracycline was widespread. The increased mortality rate during the second period was partly due to the spread of the epidemic to the interior, where access to primary health care is more difficult and limited than in the capital area (14) . However, the increase in the case fatality rate could not be attributed solely to the spread of the epidemic. Thus, an increased case fatality rate was observed among hospitalized patients from the capital and in the multivariate analysis by adjusting for regional differences. We suggest that the finding of transferable resistance to all of the antimicrobials most commonly used to treat cholera could contribute to the increased fatality rate. Although the primary objective of case management is the treatment and prevention of dehydration, it has been shown that appropriate antimicrobial therapy can reduce by half the volume of stool purged during illness, as well as shorten the duration of excretion of V. cholerae by the same amount (26) . In addition, the presence of resistant strains may cause an increased risk of secondary transmission due to prolonged excretion. The widespread use of antimicrobials for any reason in the community may indeed favor the transmission of the resistant strain and may be one of the explanations for the second wave in the 1996-1997 epidemic.
In contrast to the strains from the earlier epidemics, the 1996-1997 strain was resistant not only to low-dose and highdose tetracycline but also to other commonly used antimicrobials such as furazolidone and trimethoprim. It is likely that the multidrug-resistant outbreak strain in the 1996-1997 epidemic was derived from the same clone responsible for the 1994-1995 epidemic but had subsequently acquired the 150-kb resistance plasmid from an unknown source. The plasmid-containing strain may have come to dominate through the selective pressure caused by the prophylactic or therapeutic use of antimicrobials. This hypothesis is corroborated by the fact that some strains isolated early in the epidemic were less resistant and did not contain plasmids.
Although genes for resistance to eight antibiotics were shown to be located on the 150-kb plasmid, only a minor part of the resistance, namely, resistance to streptomycin, sulphonamides, and trimethoprim, were contained in gene cassettes of the class 1 integron. This corroborates the findings of the content of class 1 integrons in V. cholerae strains from Thailand (6) and in members of the family Enterobactericeae and Pseudomonas spp., in which gene cassettes often encode resistance to aminoglycosides, trimethoprim, and ␤-lactamases. The dhfrXII gene cassette product confers a level of resistance to trimethoprim which is about 10 times stronger than that conferred by dhfrI (18) , the most widespread gene coding trimethoprim resistance (38, 39) . It is believed that the spread of trimethoprim resistance genes among clinical isolates is mostly by the integron mechanism (20) .
The cluster of three gene cassettes described in this paper has been found previously in five Escherichia coli isolates from patients with urinary tract infections and geriatric patients and in four patients with Shigella enteritis in Finland (18) . The integrons were borne on a Tn21-like transposon located on a 70-kb plasmid (18), whereas our integron was located on a 150-kb self-transmissible plasmid. We did not investigate if the integron was inserted in a transposon, but this may be an explanation for the presence of the apparent identical integron on different plasmids. Although it is believed that the integrons themselves are mobile elements, this possibility remains to be verified experimentally. The presence of the same arrangement of gene cassettes in different bacterial species and on different plasmids suggests that the integron-associated mechanism of gene capture is a widespread and an important mechanism by which bacteria acquire novel resistance genes.
Surprisingly and in contrast to our earlier report of the cholera epidemic in 1994-1995, in which strains were found to be resistant to colistin, trimethoprim, and the vibriostatic agent O129, the three O1 strains isolated in 1994 showed increased antibiotic resistance, with strains F2196 and F2189 carrying a 150-kb plasmid (Table 1) (19) . Two strains isolated early in the 1996-1997 epidemic did not carry plasmids, whereas another strain carried a 150-kb plasmid without class 1 integrons and was clearly different from the 1996-1997 epidemic strains, as determined by RFLP analysis. These findings suggest that several large plasmids are present in V. cholerae and that the 150-kb plasmid containing the integron may have been received by strains in the early stages of the epidemic.
Since the 1996-1997 epidemic in Guinea-Bissau, the eastern and southern parts of Africa have been hit severely by several cholera epidemics, with mortality rates as high as 20% being reported (43) . Of the total of 147,425 cases of cholera reported to the World Health Organization in 1997, 80% occurred in Africa (43) . Despite the tremendous negative impact on human health and economy caused by the cholera epidemics, little information has been published about the transmission patterns and characteristics of the V. cholerae O1 strains involved. Also, research suggests that V. cholerae is undergoing genetic changes at higher rates than previously thought. Manning et al. (27) described a new mega-integron genetic structure named VCR (V. cholerae repeat) which was proposed to represent a genetic hot spot in the capture of genes, thereby enabling more rapid adaptation and evolution in V. cholerae. Also, the recent evidence that the structural genes for CT and the toxin-coregulated pilus antigen are encoded by filamentous bacteriophages, which may integrate chromosomally or repli-cate as a plasmid following horizontal gene transfer, have provided new and intriguing information about the emergence of toxigenic V. cholerae (11, 23, 40) . Thus, it is of utmost clinical importance that studies be carried out to characterize the current epidemic strains, including determination of the levels and mechanisms of antibiotic resistance and the extent which the 1996-1997 strain and its resistance genes have spread to other parts of Africa.
